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[57] ABSTRACT 

A power tool has a speed reduction gear mechanism 
including a plurality of stages of planetary gear arrange- 
ments, a slide gear member disposed in a tool body to be 
axially movable therein to change revolution speed of 
the speed reduction mechanism, and a movable member 
operatively connected to the slide gear member for 
moving the same, the movable member having a ring 
shape and being disposed on an outer side of the slide 
gear member whereby the slide gear member can be 
smoothly moved. 

15 Claims, 6 Drawing Sheets 
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art and to provide a power tool having a structure capa- 
POWER TOOL ble of smoothly changing a driving speed with an im- 

proved reliability. 

This is a continuation of copending application® Ser. Another object of the present invention is to provide 
No. 07/972,887 filed on Nov. 6, 1992 as a file wrapper 5 a power tool having improved speed reduction gear 
continuation of prior application Ser. No. 07/771,365 arrangements capable of smoothly changing the en- 
which was filed Oct 1, 1991, both abandoned. gagement thereof for a high and a low speed driving 

BACKGROUND OF THE INVENTION °^SfoAer^jects can be achieved according to 

This invention relates to an electric motor driven 10 this invention by providing a power tool comprising: a 
tool, and more particularly, to a power tool including a tool body to which a tool is mounted; a driving motor 
speed reduction mechanism for changing the revolution incorporated in the tool body and having an output 
speed of a tool. shaft; a motor operating mechanism incorporated in the 

In general, there is known a power tool in which the tool body for operating the driving motor; a speed re- 
tool is driven by an electric motor through a gear speed 15 duction gear mechanism including a plurality of stages 
reduction mechanism comprising a plurality of stages of of planetary gear arrangements for transmitting a driv- 
planetary speed reduction mechanisms, such electric ing force of the driving motor to the tool to drive the 
motor and speed reduction mechanisms being arranged same; a s 1 ida gear member disposed in the tool body to 
in a tool body. The power tool further includes a trigger be axially movable therein, the slide gear member being 
switch for carrying out "ON" or "OFF' switching 20 provided with an internal gear to be meshed with planet 
operations of the motor. The tool is driven and rotated gears of the planetary gear arrangement and adapted to 
in a desired operation mode by operating the trigger change revolution speed of the speed reduction mecha- 
switch. nism; and a movable member operatively connected to 

In a conventional power tool of the character de- the slide gear member for moving the slide gear mem- 
scribed above, the rotation speed of an output shaft of a 25 ber, the movable member having a ring shape and being 
gear speed reduction mechanism driven by an electric disposed on an outer side of the slide gear member, 
motor is switched from a low speed to a high speed or In preferred embodiments, the slide gear member is 
vice versa to thereby drive the tool with variable rota- constructed to be rotatable in a high speed driving oper- 
tion speeds. ation and to be non-rotatable in a low speed driving 

One example of such a power tool including a speed 30 operation. The movable member comprises a resilient 
reduction mechanism is disclosed in Japanese Patent support ring having a slide lever having an operating 
Laid-open Publications No. 61-209883 and No. portion exposed outward of the tool body. A cylindrical 
62-224584. gear case is further disposed on an output side of the 

The speed reduction mechanism disclosed in these motor in the tool body with a space from an inner sur- 
prior art references includes a slide gear member pro- 35 face of the tool body, the support ring being disposed in 
vided with an internal gear engaged with a plurality of the space to be axially movable, the slide lever being 
planetary gears of the speed reduction mechanism. The integrally formed with the support ring, 
slide gear member is disposed to be movable in its rota- The motor operating mechanism comprises a trigger 
tion axis direction and is supported to be rotatable or switch for carrying out an ON-OFF switching opera- 
non-rotatable in accordance with its moved positions. 40 tion of the motor, a rotation change lever operatively 

In a conventional power tool, an arcuate swing mem- connected to the trigger switch to change rotation di- 
ber is connected to such a slide gear member in a man- rection of the motor and a battery detachably mounted 
ner that the slide gear member can be moved by swing- to the tool body for supplying an electric power to the 
ing the swing member by means of a speed change motor. 

lever. Two kinds of speed reduction ratios can be ob- 45 The cylindrical gear case is disposed in the tool body 
tained in accordance with the difference between the and the speed reduction gear mechanism substantially 
rotation speeds of the planet gears at both the rotation disposed in the gear case comprises a first, a second and 
stop time of the slide gear member and the rotating time a third stages of planetary gear arrangements, the first 
of the internal gear by the operation of the speed change stage planetary gear arrangement comprising a first sun 
lever, whereby a desired speed reduction operation can 50 gear mounted to the output shaft of the motor, a plural- 
be performed. ity of first stage planet gears meshed with a first sun 
In the conventional power tool of the described type, gear and with an internal gear formed on the gear case, 
however, the slide gear member is moved by the swing- and a first support plate having one side surface on 
ing motion of the swing member, and moreover, since which are projected a plurality of pins to which the first 
the swing member is formed so as to have an arcuate 55 stage planet gears are rotatably supported, respectively, 
configuration, the swing member is subjected to an the second stage planetary gear arrangement compris- 
expansion deformation when a load is applied thereto. ing a second sun gear integrally disposed on another 
Thus, there causes a case in which the smooth motion of side surface of the first support plate, a plurality of 
the slide gear member is not expected, resulting in less second stage planet gears meshed with a second sun 
reliability of the speed changing operation. Further- 60 gear and with an internal gear of the slide gear member, 
more, the requirement for the location of the speed and a second support plate having one side surface on 
change lever and the swing member will result in the which are projected a plurality of pins to which the 
increasing of the constructional members or parts as second stage planet gears are rotatably supported, the 
well as troublesome manufacturing workings thereof. second support plate being provided with an external 
^_ ^.^ ^„ r^^y^^T 65 gear which is meshed with the internal gear of the slide 
SUMMARY OF THE INVENTION * gal membcr ^ ^ M ^ m0 vement 

An object of the present invention is to substantially thereof; and the third stage planetary gear arrangement 
eliminate defects or drawbacks encountered in the prior comprising a third sun gear integrally disposed on an- 
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other side surface of the second support plate, a plural- 
ity of third stage planet gears meshed with the third sun 
gear and with an internal gear formed on the gear case, 
and a third support plate having one side surface on 
which are projected a plurality of pins to which the 5 
third stage planet gears are rotatably supported, the 
third support plate being secured to an external gear 
formed on the spindle shaft in a spline engagement. 

According to the power tool having the characteris- 
tics described above, the annular support ring is axially 10 
movable by the operation of the slide lever which is 
easily operated by an operator. The slide gear is posi- 
tioned by this movement in a rotatable or non-rotatable 
position to thereby carry out the desired driving speed 
changing operation. Accordingly, in a case where any 15 
load is applied to the support ring, the support ring can 
be prevented from deforming, whereby the slide gear 
member can be smoothly moved, resulting in the im- 
provement of the speed changing reliability. This 
change of the driving speed can be surely transmitted to 20 
the spindle shaft through the driving speed reduction 
mechanism including improved planetary gear arrange- 
ments. 

BRIEF DESCRIPTION OF THE DRAWINGS 25 

For a better understanding of this invention and to 
show how the same is carried out, reference is first 
made, by way of preferred embodiments, to the accom- 
panying drawings, in which: 

FIG. 1 is a longitudinal sectional view of a power tool 30 
according to the present invention; 

FIG. 2 is a sectional view showing a gear arrange- 
ment of the power tool of FIG. 1 in a low speed opera- 
tion thereof; 

FIG. 3 is a sectional view similar to FIG. 2, showing 35 
the gear arrangement in a high speed operation; 

FIG. 4 is a lateral sectional view of FIG, 2; 

FIG. 5 is an explanatory view showing a function of 
a support ring; and 

FIGS. 6(a), 6(b) and 6(c) are a front, a plan and a side, 40 
partially in section, views of one example of the support 
ring. 

DESCRIPTION OF THE PREFERRED 

EMBODIMENT 45 

Referring to FIGS. 1 and 2 showing one embodiment 
of a power tool according to this invention, a power 
tool comprises a hand-grip pistol-type tool body 1 pro- 
vided with a cylinder portion la, a hand-grip portion lb 
and a grip end portion lc In the cylinder portion la of 50 
the tool body 1, is disposed an electric motor 2 having 
an output shaft 2a, and a substantially cylindrical gear 
case 3 is disposed on the side of the output shaft 2a, the 
right side as viewed in FIG. 1, with a predetermined 
space between the gear case 3 and the inner surface of 55 
the tool body 1. 

An output pinion 4 is mounted on the output shaft 2a 
and a plurality of planet gears 5 constituting a first stage 
planetary reduction mechanism are meshed with the 
output pinion 4. The output pinion 4 may be called a 60 
first sun gear. These planet gears 5 are supported to be 
rotatable by pins 7 projected from one side of a first 
stage support plate 6. On the other side of this first stage 
support plate 6, a second sun gear 8 of a second stage 
planetary reduction mechanism is integrally formed. 65 
The gear case 3 is provided, on its inner surface, with an 
internal gear 9 with which the respective planet gears 5 
are meshed. 
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The second sun gear 8 of the second reduction mech- 
anism is meshed with a plurality of planet gears 12 rotat- 
ably supported by pins 11 projected from one side of a 
second stage support plate 10 having an outer periphery 
to which an external gear 10a is formed A third sun 
gear 13 of a third stage planetary reduction mechanism 
is integrally formed to the other side of the second stage 
support plate 10. 

A plurality of third planet gears 14 are meshed with 
the third stage sun gear 13, and on the outer side of the 
respective planet gears 14 is arranged an internal gear 
15 which stationarily abuts against the gear case 3 so 
that the internal gear 15 is meshed with the planet gears 
14. The respective planet gears 14 are arranged to be 
rotatable about pins 15 secured to a third stage support 
plate 16. An inside portion 16a of the third stage support 
plate 16 is secured to an external gear 18a formed on a 
spindle shaft 18 through a spline engagement. As shown 
in FIG. 2, the spindle shaft 18 has a front end portion 
XSb to which a chuck 20 (FIG. 1) for mounting a desired 
tool is mounted. As described above, the gear speed 
reduction mechanism is comprised of the first, second 
and third stage planet gears, sun gears and support 
plates for rotating and driving the tool. 

An annular support ring 21 formed of a material such 
as resin, rubber or metal (e.g., iron and spring steel) 
having a resiliency or springy property is arranged to be 
movable in a predetermined space formed between the 
inner surface of the tool body 1 and the outer surface of 
the gear case 3. A slide lever 22 is arranged outside, on 
the upper side as viewed in FIG. 2, of the support ring 
21 in a manner that an upper operating portion 22a of 
the slide lever 22 is exposed outwardly of the tool body 
1 in a state as shown in FIGS. 6(a) to 6(c). 

Projections 23 serving as engaging pieces are formed, 
as shown in FIGS. 4 and 6(a), on both the upper and 
lower edge portions of the slide lever 22, and the tool 
body 1 is provided with recessed portions 24 for receiv- 
ing the projections 23 in engagement therewith at pre- 
determined low and high speed operating positions of 
the tool body 1. A pair of guide pins 25 are formed on 
both side portions of the support ring 21 so as to project 
inwardly. The guide pins 25 extend so as to penetrate 
guide holes 26 axially formed in both the side portions 
of the gear case 3 towards the inside of the gear case 3. 

A slide gear member 27 is provided with an internal 
gear T7a meshed with the planet gears 12 and is ar- 
ranged to be axially movably inside the gear case 3 at a 
portion corresponding to the outside portion of the 
planet gears 12 meshed with the second stage sun gear 
8. The slide gear member 27 is provided with an annular 
recessed portion 27c to which the inner end of the 
guide pins 25 of the support ring 21 are fitted to thereby 
rotate the slide gear member 27. A plurality of projec- 
tions 28 are formed at a portion near the internal gear 9 
of the gear case 3 and a plurality of recessed portions 29 
are also formed on the outer peripheral surface of the 
slide gear member 27 so that the projections 28 are 
engageable with the recessed portions 29. 

When the slide lever 22 is operated, in FIG. 4, so that 
the engaging projection 23 thereof is engaged with the 
recessed portion 24 of the tool body 1, the support ring 
21 is displaced in the axial direction. According to this 
axial displacement of the support ring 21, the guide pin 
25 now engaging with the annular recess 27c of the slide 
gear member 27 is moved along the guide hole 26 of the 
gear case 3, and the slide gear member 27 is hence 
moved along the axial direction. When the slide gear 
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member 27 is moved rearwardly and the engaging pro- 
jections 28 of the gear case 3 are then engaged with the 
recessed portions 29 of the slide gear member 27, the 
slide gear member 27 is inhibited in its rotation and 
maintains its stationary state and the support plate 10 is 5 
rotated at a low speed as shown in FIG. 2. Accordingly, 
FIG. 2 represents a low speed driving operation. 

In the meantime, when the slide gear member 27 is 
moved forwardly and the engagement between the 
recessed portions 29 of the slide gear member 27 and the 10 
engaging projections 28 of the gear case 3 is released, 
the slide gear member 27 is made rotatable. The engage- 
ment of the external gear 10a of the support plate 10 
with the internal gear 27a of the slide gear member 27 
allows the second sun gear 8 and the planet gears 12 and 15 
the support plate 10 to rotate together, thus the support 
plate 10 being rotated at a high speed as shown in FIG. 
3. Accordingly, FIG. 3 represents a high speed driving 
operation. 

Reference is now made back to FIG. 1, in which a 20 
switch unit 30 for controlling the switching of the oper- 
ation of the motor 2 is accommodated in the hand-grip 
portion lb of the tool body 1 below the motor 2, and a 
battery 31 for supplying an electric power to the motor 
2 is dctachably mounted to the grip end portion lc of 25 
the tool body 1. 

A trigger switch 32 is incorporated in the tool body 1 
in an electrical connection with the switch unit 30 for 
carrying out switching operation, i.e. ON or OFF 
switching operation, of the switch unit 30. A rotation 30 
change lever 33 for changing the rotating direction of 
the motor 2 is disposed in the tool body 1 above the 
trigger switch 32, and the rotation change lever 33 is 
pivoted about a pivot pin 34 disposed at the central 
portion of the lever 33. On both sides of the front end of 35 
the rotation switch lever 33 are integrally formed oper- 
ation projections 35, respectively, so as to project out- 
ward from both the sides of the tool body 1. 

In an actual operation of the power tool of the pres- 
ent embodiment, an operator grips the hand-grip por- 40 
tion lb and presses forwardly the operation projections 
35 with a finger of the operator, whereby the rotation 
change lever 33 is operated to rotate the switch unit 30 
through a rotation switch pin thereof. 

The power tool of the structure described above will 45 
operate as follows. 

First, as shown in FIG. 2, in a case where the power 
tool is driven at a low driving speed, the slide lever 22 
is shifted rearward, leftward as viewed in FIG. 2, to 
engage the engaging projection 23 with the recessed 50 
portion 24 (FIG. 4) Of the tool body 1 for carrying out 
the low speed operation, and the slide gear member 27 
is then moved to engage the recessed portions 29 of the 
slide gear member 27 with the engaging projections 28 
of the gear case 3 to thereby maintain the slide gear 55 
member 27 to a non-rotatable state. 

The operator holds the hand-grip portion lb of the 
tool body 1 and pulls the trigger switch 32 to turn on 
the switch unit 30. The switch unit 30 then generates a 
signal to the motor 2 to drive the same. The rotation 60 
driving force of the motor 2 is transmitted to the spindle 
shaft 18 in a speed reduced manner through the output 
pinion 4, the respective stage planet gears 5, 12, 14, and 
the sun gears 8, 13, whereby the tool mounted to the 
chuck 20 is rotated to carry out the predetermined 65 
working. During this low speed operation, since the 
slide gear member 27 is secured in a non-rotatable man- 
ner, the second stage planet gears 12 are rotated with 
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the teeth thereof being meshed with the teeth of the 
internal gear of the slide gear member 27 in the station- 
ary state, thus increasing the speed reduction ratio and 
hence the spindle shaft 18 is rotated with a reduced 
speed. 

On the contrary, as shown in FIG. 3, in a case where 
the power tool is operated with a high rotation speed, 
the slide lever 22 is shifted frontward, i.e. rightward as 
viewed in FIG. 3, to engage the engaging projection 23 
with the recessed portion 24 (FIG. 4) of the tool body 1. 
In the next step, by moving the slide gear member 27, 
the recessed portions 29 of the slide gear member 27 is 
released from the engaging projections 28 of the gear 
case 3, and the internal gear 27a of the slide gear mem- 
ber 27 is meshed with the external gear 10a of the sup- 
port plate 10, whereby the slide gear member 27, sup- 
port plate 10 and the sun gear 8 are integrally operated, 
thus maintaining the slide gear member 27 in a rotatable 
state. 

With this state, when the operator operates the trig- 
ger switch 32, the motor 2 is driven through the switch 
unit 30, and the rotation driving force from the motor 2 
is transmitted to the spindle shaft 18 through the output 
pinion 4, the respective stage planet gears 5, 12, 14 and 
the sun gears 8 and 13 at a high rotation speed. During 
this high speed operation, since the slide gear member 
27 is in the rotatable state, the slide gear member 27 is 
rotated together with the second stage planet gears 12, 
the sun gear 8 and the support plate 10, thus decreasing 
the speed reduction ratio, whereby the spindle shaft 18 
is rotated at a high speed. 

Therefore, as described above, according to the 
power tool of the present invention, the operation of the 
power tool can be easily switched to a high or low 
rotating speed. 

Referring to FIG. 5, when the slide lever 22 is shifted, 
there may cause a case where the slide gear member 27 
fails to be engaged with the teeth of the planetary gears 
12. In such a case, however, since the support ring 21 is 
formed of a springy material, the engagement therebe- 
tween can be achieved by the springy property of the 
support ring 21 when the motor 2 is driven. 

Since the operation change lever 33 is operated by 
the operator by pressing the operation projections 35, 
the switch unit 30 can be operated in the reversible 
manner, thus switching the rotating direct/on of the 
driving motor 2. 

As described above, according to the present inven- 
tion, since the support ring 21 is formed in a ring shape 
and disposed axially movably to carry out the speed 
changing operation, the deformation of the support ring 
21 can be surely prevented even in a case where a load 
is applied to the support ring 21, resulting in the smooth 
movement of the slide gear member 27 and hence re- 
markably improving the speed changing reliance. 
Moreover, since the slide lever 22 is integrally formed 
with the support ring 21, the number of tile parts or 
elements can be reduced as well as easy manufacturing 
thereof. 

It is to be understood that the present invention is not 
limited to the described embodiment and many other 
changes and modifications may be made without de- 
parting from the scope of the appended claim. 

What is claimed is: 

L A power tool for driving a tool implement com- 
prising: 
a tool body; 
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a driving motor incorporated in the tool body and 
having an output shaft; 

means incorporated in the tool body for operating the 
driving motor; 

a speed reduction gear mechanism including a plural- 5 
ity of stages of planetary gear sets for transmitting 
a driving force of the driving motor through the 
planetary gear sets to a tool implement to drive the 
same, wherein said planetary gear sets include a 
slide gear member axially movable between a for- 10 
ward position and a rearward position, said slide 
gear member being provided with an internal gear 
to be meshed with one of the gears constituting the 
planetary gear sets to change rotating speed of the 
tool implement; 15 

a resilient support ring in the shape of a circular ring, 
integrally formed with a slide lever, to rotatably 
support said slide gear member, said slide lever 
being disposed axially movably relative to the tool 
body; * 20 

engaging means disposed between the slide lever and 
the tool body for selectively holding the slide lever 
at either one of a forward position or a rearward 
position against the tool body for changing a rotat- ^ 
ing speed of the tool implement; 

said resilience support ring being sufficiently resil- 
iency deformed in an axial direction of said tool 
body when said slider lever is held by the engaging 
means at the forward position and the slide gear 3Q 
member is not meshed with the one of gears consti- 
tuting the planetary gear sets such that the slide 
gear is automatically shifted in a direction opposite 
to a deformed direction to engage with said one of 
the gears constituting the planetary gear sets when 35 
the driving motor is started to drive; and 

said resilience support ring being sufficiently resil- 
iently deformed in an axial direction of said tool 
body when said slider lever is held by the engaging 
means at the rearward position and the slide gear ^ 
member is not meshed with the tool body such that 
the slide gear member is automatically shifted in a 
direction opposite to a deformed direction to en- 
gage the slide gear member with the tool body 
when the driving motor is started to drive. 45 

2. A power fool according to claim 1, wherein said 
slide gear member has means for engaging with one of 
the gears constituting the planetary gear sets to be rotat- 
able at a predetermined position in a high speed driving 
operation. 50 

3. A power tool according to claim 2, wherein said 
slide gear member has means for engaging relative to 
the tool body to be non-rotatable at another predeter- 
mined position in a lower speed driving operation. 

4. A power tool according to claim 3, wherein said 55 
slide gear member is provided with a recessed portion 
and said tool body is provided with projection to be 
engaged with the recessed portion and wherein said 
glide gear member is non-rotatable when said recessed 
portion is engaged with said projection and is rotatable 60 
when said recessed portion is released from said projec- 
tion. 

5. A power tool according to claim 1, wherein said 
support ring is made of a resilient resin. 

6. A power tool according to claim 1, wherein said 65 
support ring is made of rubber. 

7. A power tool according to claim 1, wherein said 
support ring is made of a resilient metal. 
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8. A power tool according to claim 1, further includ- 
ing a cylindrical gear case disposed within the tool body 
with a space being formed therebetween, said support 
ring being disposed in said space to be axially movable. 

9. A power tool according to claim 8, wherein said 
slide lever is provided with engaging portions and said 
tool body is provided with a plurality of portions to be 
engaged with the engaging portions of die slide lever 
for positioning the slide lever at low or high speed 
driving positions. 

10. A power tool according to claim 9, wherein said 
engaging portions are projections formed on sides of the 
slide lever and said portions to be engaged are recessed 
portions formed on the tool body. 

11. A power tool according to claim 10, wherein said 
support ring has a pair of guide pins projecting inwardly 
and said gear case is provided with axial holes through 
which said guide pins penetrate inwardly and wherein 
said slide gear member is provided with an annular 
recess formed on an outer peripheral surface of the slide 
gear member and inner ends of the said guide pins are 
fitted in said annular recess so that the slide gear mem- 
ber is rotated and axially movable together with move- 
ment of said support ring. 

12. A power tool according to claim 1, wherein said 
means for operating the motor comprises a trigger 
switch for carrying out an ON-OFF switching opera- 
tion of the motor, a rotation change lever operatively 
connected to said trigger switch to change rotation 
direction of the motor and battery means detachably 
mounted on the tool body for supplying an electric 
power to the motor. 

13. A power tool according to claim 14, wherein said 
rotation change lever has a central portion at which is 
disposed a pivot pin about which the rotation change 
lever is pivoted and an operation projection which is 
operated by an operator is integrally formed on a front 
end portion of the rotation change lever. 

14. A power tool according to claim 1, wherein a 
cylindrical gear case is disposed in said tool body and 
said speed reduction gear mechanism substantially dis- 
posed in said gear case comprises a first, a second and a 
third stages of planetary gear arrangements, 

said first stage planetary gear arrangement compris- 
ing a first sun gear mounted to the output shaft of 
the motor, a plurality of first stage planet gears 
meshed with said first sun gear and with an internal 
gear formed on the gear case, and a first support 
plate having one side surface to which are pro- 
jected a plurality of pins to which said first stage 
planet gears are rotatably supported, respectively; 

said second stage planetary gear arrangement com- 
prising a second sun gear integrally disposed on 
another side surface of said first support plate, a 
plurality of second stage planet gears meshed with 
said second sun gear and with an internal gear of 
said slide gear member, and a second support plate 
having one side surface on which are projected a 
plurality of pins to which said second stage planet 
gears are rotatably supported, said second support 
plate being provided with an external gear which is 
meshed with said internal gear of the slide gear 
member in accordance with an axial movement 
thereof; and 

said third stage planetary gear arrangement compris- 
ing a third sun gear integrally disposed on another 
side surface of said second support plate, a plurality 
of third stage planet gears meshed with said third 
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sun gear and with an internal gear formed on the 
gear case, and a third support plate having one side 
surface on which are projected a plurality of pins 
to which said third stage planet gears are rotatably 
supported, said third support plate being secured to 
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an external gear formed on a spindle shaft in a 

spline engagement 
15. A power tool according to claim 1, wherein said 
tool body is of a pistol type having a cylindrical portion, 
a hand-grip portion and a grip end portion. 
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